and external, nanoscale nuclear spin ensembles 9,10 , laying the foundations for routine MR imaging with nanometre-resolution 11, 12 . Electron spins, in the form of either paramagnetic centres in the diamond lattice or radicals intimately associated with diamond surface, have also been optically detected through their coupling to the NV − centre [13] [14] [15] . The characteristic spectra of the detected spins, however, are often broadened by these same interactions [13] [14] [15] . The spectroscopic details are, in general, not sufficiently resolved to obtain critical chemical information.
The NV − centre in diamond has been exploited in optically detected magnetic resonance (ODMR) experiments because of its favourable properties including spindependent fluorescence 1 , spin coupling to the magnetic environment 2 , and its long polarization lifetime as compared to other similar substrates 3 , even at room temperature.
Recent experiments have employed single NV − centres to detect distant nuclear spins in diamond [4] [5] [6] [7] [8] and external, nanoscale nuclear spin ensembles 9, 10 , laying the foundations for routine MR imaging with nanometre-resolution 11, 12 . Electron spins, in the form of either paramagnetic centres in the diamond lattice or radicals intimately associated with diamond surface, have also been optically detected through their coupling to the NV − centre [13] [14] [15] . The characteristic spectra of the detected spins, however, are often broadened by these same interactions [13] [14] [15] . The spectroscopic details are, in general, not sufficiently resolved to obtain critical chemical information.
One demonstration of optically detected spectroscopy of the electron spin using the NV Fig. 1) . However, this method requires resonant matching at a specific magnetic field such that spin flip-flop (zero-quantum) processes become allowed; this prevents it from serving as a generic method for optical detection of dark electron or nuclear spins. Alternatively, cross-relaxation can also occur in a weak magnetic field (< 5 mT, Fig. 1e ), as previously suggested by observed dips in the NV − spin-lattice relaxation time (T 1 ) and in the intensity of its zero-phonon line in this regime [16] [17] [18] [19] . Here we instead demonstrate optically detected spectroscopy of electron spins, namely the N S and NV 0 centres in diamond, by identifying their respective spectral characteristics in the NV − cross-relaxation ODMR spectrum. This technique is the only ODMR method that can provide detailed spectra of the detected electron spins. Such information is essential for the detection and identification of radicals or relaxation centres by the NV − centre, and for the transduction of chemically informative NMR spectra by optical means.
We demonstrate this technique on an ensemble of NV − centres in a single-crystal diamond, host to several types of paramagnetic defects that may be identified from the ODMR spectra as shown in Fig. 2 (see Methods). The measured spectra have chemically informative fine features that differ vastly from ODMR spectra based on the allowed electron spin transitions of the NV − centre alone 20, 21 . The majority of the fine features can be assigned to the N S centre 16, 17, 19, 22 (see Supplementary Information), from which almost all calculated transitions (blue lines on top of each spectrum) are present in the observed spectra. For instance, the three calculated transition frequencies at B z ~ 0 mT (i.e., ambient field), namely 18.4, 130.2, and 148.6 MHz (Fig. S1a) , are matched with peaks in the ODMR spectrum (Fig. 2a) . The intensity of the peaks agrees well with the 1:3 population ratio of N S centres oriented either parallel to B z (for example, the peak at 240 MHz in Fig. 2d ) or ~109° relative to B z (the peak at 223 MHz in Fig. 2d ). Although the N S centre is a dark spin whose hyperfine parameters were determined by electron paramagnetic resonance (EPR) 22 , our observations show that the characteristic spectra of the N S centres can also be resolved by ODMR.
With the majority of the fine spectral features assigned to the N S centre, the remaining peaks are consistent with transitions from the NV There is excellent agreement between calculations and the observed transitions at 60, 70, 84, and 92 MHz at 1.44 mT (Fig. 2b) , demonstrating that the NV 0 centre is optically detected with part of its characteristic spectrum resolved. As the magnetic field increases above 2 mT, most transitions of the NV 0 centre overlap with those of the N S centre, suggesting that weak magnetic field is required to separately resolve the two species.
Although both NV . Furthermore, radicals on the diamond surface could be used as a detection intermediate for external nuclear spins located at even further distances 34 ; an ensemble of radicals of a single type could significantly increase the detected magnetic flux 35 , while spatially engineered arrays of radicals of different species could provide spatial resolution for detection of distant nuclear spins or simply act as a gradiometer 15, 36 .
Methods
Materials and experiments. The diamond sample used in our experiments was fabricated commercially by Element-6 using high-pressure high-temperature (HPHT) 
The N S centre
The substitutional nitrogen defect (N S ) in diamond is also known as the P 1 centre (Fig.   S1b ). Like the NV − centre, it also has four possible orientations due to the static Jahn-Teller distortion from T d to C 3v symmetry 7 .
In the spin-1/2 electronic ground state, the Hamiltonian of the N S centre is given by [8] [9] [10] :
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where ρ is the concentration of the relevant defect species. The average distance R is then simply given by 
